IMPORTANCE Individuals with age-related eye disease (ARED) need to use eye care services for detection, assessment, and care at regular intervals.
A ge-related eye disease (ARED), particularly agerelated macular degeneration, cataract, diabetic retinopathy, and glaucoma, is the most common cause of visual impairment among adults in the United States [1] [2] [3] [4] [5] and results in a substantial economic burden to society. 6 In 2004, approximately 1 in 28 Americans at least 40 years old reported blindness or low vision even with optical correction. 1 Visual impairment often affects the performance of daily activities, 7, 8 causes falls and injuries, 9,10 social isolation and depression, 11, 12 the loss of productivity, 13, 14 and, in some cases, even premature death. [15] [16] [17] [18] Advances in the past few decades have made vision loss due to these conditions preventable, treatable, and, in the case of cataracts, even reversible. To benefit from these interventions, however, individuals must have access to eye care. Routine eye examinations are recommended to prevent or delay vision loss caused by ARED, although guidelines vary for the specific disease and stages. Generally, guidelines recommend at least annual eye assessments for individuals diagnosed with these eye conditions. 19, 20 Given that a large proportion of American adults do not regularly use eye care services owing to personal choice (eg, because of lack of awareness of the importance of eye care) or access issues (eg, because of cost or lack of insurance for vision care), 21, 22 systematic and ongoing public health attention in vision loss prevention and eye health promotion have been suggested. 23 In September 1990, the Department of Health and Human Services announced Healthy People objectives targeted to improve the overall health of all Americans. During the past 2 decades, Healthy People 2000, Healthy People 2010, and Healthy People 2020 have focused on reducing and possibly eliminating health disparities and achieving health equity. [24] [25] [26] During this time, many efforts have been made to assess health disparities in the US population by tracking rates of mortality, morbidity, health-related risk behaviors, and access to preventive care practice by age, sex, race/ethnicity, spoken language, disability status, and geographic location. 27, 28 Early detection and timely treatment are key elements for persons with ARED to reduce vision loss and prevent blindness. However, persons with low socioeconomic position (SEP) are more likely to experience health disparities and less likely to use high-quality health care than their wealthier counterparts. Although there are significant disparities found in the use of eye care services by important demographic and socioeconomic groups, 22 to our knowledge, none of the previous studies have specifically assessed the variance and trends in use of eye care services of Americans with ARED across the levels of SEP. Identifying eye care disparities is the first step toward their elimination. These findings can inform policymakers and provide evidence for Healthy People objectives. Thus, we explored the association between SEP, as measured by income and educational level, and use of eye care services among US adults with ARED, using the most recent comprehensive vision data from the 2008 National Health Interview Survey (NHIS) and comparing observed disparities with those from the 2002 NHIS.
Methods

Data Source
The NHIS is an ongoing national survey conducted by the National Center for Health Statistics, part of the Centers for Disease Control and Prevention, to assess the health of the civilian noninstitutionalized population of the United States (http: //www.cdc.gov/nchs/nhis.htm). It uses a stratified, crosssectional, multistage probability sample to derive estimates for the US population through personal household interviews conducted within the 50 states and District of Columbia. The NHIS gathers data on illnesses, injuries, activity limitation, chronic conditions, health insurance coverage, use of health care, and other health topics. 29, 30 The NHIS collects health and healthrelated data about every member in every family in each interviewed household. It also collects additional data from each family about 1 randomly selected child (the "sample child," ≤17 years old) and 1 randomly selected adult (the "sample adult," ≥18 years old). Data for the sample child are collected by proxy from a knowledgeable adult, and data for the sample adult are self-reported. In 2002 and 2008, the NHIS questionnaires included supplementary questions sponsored by the National Eye Institute to evaluate vision health and eye care in the United States and monitor progress toward meeting Healthy People 2010 objectives. We used NHIS data from these 2 years to assess the use of eye care services (visiting an eye care provider or undergoing a dilated eye examination) among subjects with ARED, including self-reported age-related macular degeneration, cataract, diabetic retinopathy, and glaucoma. We restricted our study to US adults at least 40 years old because subjects with self-reported ARED (other than possibly diabetic retinopathy) are markedly infrequent in younger age groups. 1 The numbers of sample adults and those with selfreported ARED, respectively, were 18 577 and 3586 for the 2002 NHIS and 13 714 and 3104 for the 2008 NHIS.
Measurements
For this study, the recommended follow-up period for visiting an eye care provider or undergoing a dilated eye examination was defined according to the recommended follow-up period stated in disease-specific guidelines from the American Academy of Ophthalmology and the American Optometric Association. 19, 20 Although the recommended frequency of comprehensive eye examination including dilation varies by disease and stage of progression and between guidelines from the American Academy of Ophthalmology and the American Optometric Association, in general, at least 1 dilated eye examination is recommended every year. Patients with ARED who responded either "less than 1 month" or "1 to 12 months" to the question "When was the last time you had an eye exam in which the pupils were dilated?" were categorized as having undergone a dilated eye examination in the past 12 months.
Another indicator used to measure use of eye care service was visits to an eye care provider in the past 12 months. Subjects categorized as reporting a visit to an eye care provider were those who answered yes to the question, "During the past 12 months … have you seen or talked to any of the following health care providers about your own health? … An optometrist, ophthalmologist, or eye doctor (someone who prescribes eyeglasses)." These 2 measures were selected because they comprise an effective measure of access to eye care. The main independent variables of interest were povertyincome ratio (PIR) and educational attainment, both of which are commonly used as measures to assess the influence of socioeconomic circumstances on health. 31 The imputed in- All tests of significance were 2 tailed, and differences were considered statistically significant at P < .05. Logistic regression was used to study the association of PIR levels and education groups with use of eye care services after controlling for other factors (age [continuous], sex, race/ ethnicity, and health insurance). The dichotomous dependent variables were whether or not the participant had seen an eye care provider in the past 12 months and whether or not he or she had undergone a dilated pupil examination in the past 12 months. The model included PIR quartile or educational levels and the year of the survey, and the 2-way interaction between year and PIR (or educational level) were tested. Taylor linearization was used to calculate predictive margins and their 95% CIs. 33 The predictive marginal probabilities within the strata of the socioeconomic indicators were compared by measuring the difference between the highest and lowest levels in PIR and educational categories for each year (2002 and 2008) . The difference between 2002 and 2008 was calculated by analyzing the interaction between the survey years and PIR or education groups. The slope index of inequality (SII) was calculated by using Microsoft Excel software (Microsoft Office Professional Plus 2010, version 14.0.6129.5000; Microsoft Corporation) to analyze the linear change in the use of eye care services over the ordinal levels of PIR or education. 34 The SII is defined as the gap in visits to eye care providers and dilated eye examinations between the lowest and the highest SEP, based on the linear relationship between the use of eye care services and SEP across the whole study population. It provides the linear regression coefficient that indicates the absolute change in the proportion of subjects using eye care across the entire distributions of PIR and educational categories. 35 Results Table 1 shows the population characteristics of adults at least 40 years old with self-reported ARED, 3586 participants in 2002 and 3104 in 2008. Cataract was the most common selfreported ARED in this age group, followed by glaucoma, macular degeneration, and diabetic retinopathy. 36 There were no sta- Table 2 displays the weighted crude and age-adjusted prevalence of eye care provider visits and dilated eye examinations by PIR and educational levels. In 2002 and 2008, persons with higher PIR were more likely than those with lower income to visit an eye care provider (trend P = .04 for 2002 and .03 for 2008). We did not find a similar trend for dilated eye examination. In 2002, persons with less education were less likely than their counterparts to visit an eye care provider or undergo a dilated eye examination (trend P = .048 and .003, respectively). We did not find statistically significant trends for visits to eye care providers or dilated eye examinations by educational level in 2008. Among respondents with a PIR between 3.00 and less than 5.00, the age-adjusted prevalence for visits to eye care providers was lower in 2008 than in 2002 (67.0% vs 78.1%; P = .04), as was the prevalence for dilated eye examinations (67.4% vs 78.7%; P = .04). Likewise, among those with less than a high school education, the age-adjusted prevalence for eye care provider visits decreased from 56.7% in 2002 to 44 .0% in 2008 (P = .04). Table 3 shows the multivariate-adjusted prevalence for having seen an eye care provider in the past 12 months or having undergone a dilated eye examination in the past 12 months by PIR and educational levels among Additional stratified analyses revealed significant differences in the use of eye care services by SEP among persons with age-related macular degeneration, cataract, or glaucoma ( Table 4 ). These differences did not change from 2002 to 2008. Among persons with diabetic retinopathy, the difference in prevalence of recent dilated eye examination between the lowest and highest income levels did not change significantly between 2002 and 2008 (P = .54), but the differences between the lowest and highest educational levels did (P = .04).
Discussion
In this study, we found considerable differences in the use of eye care services by SEP; such use decreased progressively with increasing socioeconomic disadvantage. This finding adds to the general literature on the strong influence of socioeco- nomic circumstance on an individual's health status. 37 Moreover, a close analysis of the association between the use of eye care services and SEP showed that the inequalities in use, between the extremes of the income and education distributions and averaged across the cumulative distributions of the population, were sustained from 2002 to 2008. Our findings are, unsurprisingly, consistent with the summary of the recent National Healthcare Disparities Report prepared by the Agency for Healthcare Research and Quality, 38 which concludes that although quality is improving, access and disparities are not improving. Despite the efforts of the Healthcare Research and Quality Act of 1999 39 and the focus of Healthy People on eliminating health disparities, we observed persistent socioeconomic disparities in eye care, as was also revealed in other areas by the Healthy People 2010 midcourse review. 40 Health disparities may appear when there are differences in health outcomes based on individual-level characteristics such as sex, race/ethnicity, SEP, spoken language, disability status, and geographic location. To reduce vision loss and promote eye health, individuals with ARED need to access the health care system for detection, assessment, and care at regular intervals. Many issues affect the use of eye care services, including an individual's ability to pay for the services, accessibility of eye care professionals and facilities, vision and eye care insurance coverage, high insurance deductibles, provider and patient education, and beliefs about health. 41 However, we found that eye care in the United States is suboptimal, especially among low-SEP groups. This calls for continued efforts to improve access to and use of eye care services among socioeconomically disadvantaged groups. Because income and educational level are important social determinants of health, 42 social policy as well as health care policy may be needed to further address and eliminate SEPrelated health disparities. Higher incomes or educational levels are probably associated with better health status, outcomes, and access to care. 35, 43, 44 Special attention to the persistent disparities in eye care in the United States is warranted, especially because our findings suggest a great need among persons with critical clinical conditions (ie, ARED). To make matters worse, the country has experienced an economic slowdown in recent years, which may further reduce the b See footnote to Table 1 .
c The linear trend was assessed by applying weighted least-squares regression.
d Statistically significant at the .05 level.
Research Original Investigation Disparity in Use of Eye Care Services use of eye care services and widen existing disparities in access to health care. The economic slowdown in the United States was initially manifested by its effect on the stock, credit, and housing markets and later compounded by the loss of employment. Because most Americans obtain health insurance coverage through their employment benefits, the loss of employment often affects their (and their families') access to health care. Individuals with ARED tend to be older and require regular eye examinations including dilation and hence would be more affected if services were needed but not affordable. A survey revealed that 36% of Americans had limited their visits to medical care providers because of the recession. 45 Among all missed visits, the most commonly cited were visits to dentists (63%), primary care physicians (59%), and eye care providers (52%). Not surprisingly, we found that adults with at least a high school education were relatively more likely to use eye care services than those with less education. A 2005 study indicated that "no reason to go" is the major reason for persons not to see an eye care professional 46 ; this emphasizes the importance of health awareness education to improve the use of eye care services. Interestingly, among persons with diabetic retinopathy, the absolute disparity between the lowest and highest educational levels disappeared in 2008, even though there was a 27-percentage point difference in 2002. Although the conclusion still needs to be confirmed with additional evidence from other national or local data, this finding suggests that it may be possible to reduce or eliminate a health disparity due to SEP by efforts to alter the distribution of health and health care knowledge in the population, in addition to ensuring that health care services are accessible.
To reduce vision-related morbidity and mortality, access to and use of effective and appropriate eye care is important. Under the current health care financing and delivery system, it is necessary to address both health insurance and employment status to better enhance the likelihood that everyone will have "potential" access. 41 It is also important for public health agencies to monitor changes in realized access (ie, use of health care services, outcomes, and satisfaction) to ensure that persons actually enter the health care system in spite of education, language, or geographic barriers. We used data from the NHIS, a large, complex in-person population survey. As an ongoing survey, it allows us to obtain population-based national estimates to observe changes over time and the potential impact of societal transformation. Such national survey data can be used to assess and monitor disparities in the use of eye care services in the United States. However, most federal administrative and claims data contain varying levels of information on SEP status, and frequently a large proportion of SEP data are missing. Such nonresponse bias may result in underestimated or overestimated findings on disparities. However, our use of imputed income data helped correct for the bias and resulted in lower standard errors. 47 It is also important to note that the absolute differences in use found in some groups could be lower than the SII, suggesting that the SII, as the gap in health outcome between the lowest and the highest SEP based on a robust statistical model, could provide a better and gradient estimate that represents the whole distribution across the overall population. However, our analyses have several limitations. First, because of data limitations, our study did not account for other factors associated with income and education that may have influenced the use of health care services (eg, geographic locations). Second, both the use of eye care services and socioeconomic variables were self-reported, and results are subject to social desirability bias. Although there remains some disagreement between self-report and medical records on the use of eye care services, 48, 49 subjective judgments on access questions are suggested to be valid. 50 Moreover, the survey results from the NHIS are generally considered valid and reliable. 51, 52 Although our study was restricted to adults at least 40 years old, findings from another study suggest that there are also disparities by SEP in the use of eye care services among children. 53 Finally, the NHIS does not include institutionalized individuals, and information related to other minority populations, such as Asian Americans and American Indians, were limited owing to 2002 and 2008 NHIS sample sizes.
In conclusion, health promotion and risk reduction efforts in the past have been focused primarily on racial and ethnic disparities in health and health care. Our current study has demonstrated that there are significant differences by SEP in the use of eye care services among US adults with ARED. There is a need for increased awareness about the relationship between social circumstances and ARED and for more research to determine how income and educational inequalities affect health-seeking behavior at the community and individual level over time. Appropriate and timely public health interventions targeted at adults with low levels of education and income may effectively reduce this continuing disparity in eye care.
